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5. Eesearches on the Problematical Organs of the Inverte-
brata—especially those of the Cephalopoda, Gastero-
poda, Lamellibranchiata, Crustacea, Insecta, and
Oligochseta. By Dr A. B. Griffiths, F.E.S. (Edin.),
F.C.S. (Lond. & Paris), Principal, and Lecturer on
Chemistry and Biology, School of Science, Lincoln;
late Lecturer on Chemistry, Technical School,
Manchester, &c.

Being convinced that a thorough examination (both from a
chemical and physiological point of view) of the various problem-
atical organs of the Invertebrata -will throw much light on their
physiology and their relationship to the Vertebrata, these investiga-
tions have been undertaken with that object in view.

I have already shown that the so-called " liver" of Sepia
officinalis is a true pancreas, and not a liver (Proc. Roy. Soc.
Edin., vol. xiii. No. 119, p. 120).

A. (I.) Nephridium of Cephalopoda.

Taking a fresh Sepia officinalis as a type of the Cephalopoda, it
was found that its nephridia are true kidneys, or renal organs.
The venous blood, as it passes from the vena cava, is distributed by
a number of afferent branchial vessels which communicate with the
sacculated and glandular chambers (the nephridia). The blood
passes to the gills and then back to the heart.

After dissecting the nephridia from the bodies of several fresh
cuttle-fishes, the secretion of these glands was found to be acid to
litmus paper, the liquid deposits, upon standing a short time,
earthy matters. These earthy deposits were submitted to chemical
analysis. They are insoluble in distilled water, but readily soluble
in acetic acid. On neutralising a portion of the acetic acid solution
with ammonium hydrate, and then adding ammonium oxalate, a
white precipitate was obtained, indicating the presence of calcium.
Another portion of the acetic acid solution was neutralised, and to
the neutral solution silver nitrate added : a yellowish precipitate
was obtained. To another portion of the solution, ammonium
hydrate was added until alkaline, and to this alkaline solution a
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small quantity of an aqueous solution of magnesium sulphate, with
the production of a white precipitate of atnmonio-magnesium
phosphate. The presence of phosphoric acid in the earthy deposits
was confirmed by using the ammonium molybdate and the uranium
nitrate tests. Therefore, it must be concluded that these earthy
deposits consist of calcium phosphate. No calcium carbonate,
magnesium carbonate, nor any other compound was found in the
deposit.

Antr. aorta.
Efferent bran-

chial vessels.

Ventricle.
Vein.

Post, vena cava.

Capillaries. Post, aorra.

FIG. 1.—Nephridium of Sepia officinalis.

The liquid portion of the secretion of the nephridia was ex-
amined by two separate methods :—

(a) The clear liquid from the nephridia (after the separation of
the calcium phosphate) was treated with a hot dilute solution of
sodium hydrate, then on adding hydrochloric acid, a slight flaky
precipitate is obtained; and on examining the.se flakes under the
microscope, they were seen to consist of small crystals in rhombic
plates, prismatic needles, and stellar-shaped crystals. On treating
the secretion with alcohol, the rhombic crystals are deposited;
these crystals are soluble in water. When these crystals are treated
with nitric acid, and heated gently with ammonia, the reddish
purple murexide [C8H4(NH4)N"5O6] is obtained, which was found
crystallised in prisms.
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(b) Another method was applied to the clear liquid secreted by
the nephridia. The liquid was boiled in distilled water, and
evaporated carefully to dryness. The residue so obtained was
treated with absolute alcohol, and filtered. Boiling water was
poured upon the residue on the filter paper, and to the aqueous
filtrate an excess of acetic acid was added. After standing 6f
hours, crystals of uric acid were deposited, and recognised by the
chemico-microscopical tests already mentioned above. Further, it
was found that there was a small quantity of uric acid in the blood
of the vena cava, before it entered the nephridia; but the blood
after passing into the branchiae contains no uric acid. From these
reactions, the secretions of the nephridia contain uric acid and
calcium phosphate, and prove that the nephridia of the Cephalo-
poda are true renal organs getting rid of the nitrogenous waste
matters, in the form of uric acid, contained in the pure blood as it
is brought to these organs (nephridia) by the vena cava.

(II.) On the Renal Organs of Astacus fiuviatilis, Anodonta cygnea,
Limax flavus, Helix aspersa, and Periplaneta orientalis.

It will be remembered that in a paper (Proc. Boy. Soc, vol.
xxxviii. No. 236, p. 187) before the Eoyal Society of London, I
have shown that the secretions of the so-called " green glands " of
Aslacus fluviatilus (crayfish) can be made to yield uric acid
(C5H4N4O3) and guanin (CBH6N6O), showing these glands are
analogous in physiological function to the kidney of the higher
forms of animal life.

Mr Harold Follows, F.C.S., and myself (Chemical News, vol. li.
p. 241, and Jour. Chem. Soc. [Abstracts], 1885, p. 921) have
established the renal functions of the organs of Bojanus in Ano-
donta cygnea (fresh-water mussel), by the isolation of uric acid
and urea from the secretions of those organs.

The isolation of uric acid crystals from the problematical renal
organs of the Invertebrata, commenced by myself (in my Royal
Society's paper on the green gland of Astacus) led Dr C. A.
MacMunn, M.A., F.C.S. (Journal of Physiology, vol. vii. No. 2,
p. 128) to prove the renal function of the Malpighian tubes of
Periplaneta orientalis, and in the nephridia of Helix aspersa and
Limax flavus.
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(III.) Renal Organs of the Zamellibranchiata and Crustacea.

The organ of Bojanus or nephridium of Mya arenaria (as well as
Anodonta cygnea) contain uric acid and urea in their secretions,
and there is also a small quantity of calcium phosphate present in
the secretion of the organ of Bojanus. Mr Follows and myself
{Chemical Neios, vol. li. p. 241, and Jour. Chem. Soc. [Abstracts],
1885, p. 921) found " a salt of calcium in minute quantities," but
we could not make out the acid in combination; subsequently it
was found to be phosphoric acid. The " green glands " of Homarus
vulgaris (lobster) easily yield uric acid crystals and small quanti-
ties of the base guanin.

Cuticle.

Epidermis.

Circular muscu-
hir layer.

Longitudinal
muscular layer.

Dorsal vessel.

Middle loop of
nephridium.

Typhosole.

Hepatic cells, so-
called " liver."

Inner loop of
nephridium.

Epithelium of
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Internal opening
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FIG. 2.—Diagram of Nephridium ofLumbricus terrestris. A, the secretion
of the outer loop of the nephridium (segmental organ) contains the largest
quantity of uric acid.

(IV.) Renal Organs of the Oligochceta.

After treating the segmental organs (nephridia) of freshly killed
Lumbricus terrestris (earthworm) in a similar manner to the
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nephridia of the Cephalopod, yields uric acid, but no guanin, urea,
or calcium phosphate. Therefore the " segmental organs" of
Lumbricus are renal in function, getting rid of the nitrogenous
waste matters contained in the blood, in the perivisceral cavity.

The largest amount of uric acid was found in the secretion con-
tained in the muscular part of the " segmental organ" (fig. 2,
outer loop of nephridium).

The next table is a summary of the constituents of the nephridia
of certain divisions of the Invertebrata.

(V.) Renal Organs and their Constituents.

Uric acid,

Urea, .

Guanin,

Calcium phosphate,

Cephalopoda.

present.

absent.

absent.

present.

Gasteropoda.

present.

Lamellibranchiata.

present.

present.

absent.

present.

Crustacea.

present.

absent.

present.

absent.

Insecta.

present.

Oligochseta.

present.

absent.

absent.

absent.

B. (I.) Salivary Glands of Gasteropoda and Insecta.

The secretions of the " salivary glands " of the Insecta (Orthop-
tera) were investigated by taking as an example the Periplaneta
orientalis (cockroach).

The salivary glands of Periplaneta are situated on each side of
the oesophagus and crop, and extend posteriorly as far as the
abdomen. They are about ^ of an inch in length, and composed
of acini (fig. 3, 6). Accompanying the glands are two salivary
receptacles, one on either side of the crop. A quantity of the
secretion was extracted by crushing about sixty glands of freshly
killed cockroaches. It was alkaline to test-papers. A portion of
the secretion was added to a small quantity of starch, the starch
being converted into glucose sugar in 12 minutes. The presence of
sugar was proved by the formation of red cuprous oxide by the
action of Fehling's solution.

Another portion of the secretion was distilled (with the utmost
care) with dilute sulphuric acid; and to the distillate ferric chloride
added, which gave a red colour indicating the presence of sulpho-
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cyanates. The inorganic constituent, as far as I could make out,
consists only of calcium phosphate.

Turning once more to the soluble zymase (ferment) contained in
the secretion, it can be isolated by precipitating the secretion with
dilute phosphoric acid, adding lime-water, and filtering. The pre-
cipitate was dissolved in distilled water, and then reprecipitated by
alcohol. This precipitate converts starch into glucose sugar.

ivary gland,

[vary receptacle.

FIG. 3.—a and b, Salivary gland of Periplaneta orientalis (much enlarged).

I have already mentioned that the secretion of the salivary
glands of Periplaneta are alkaline. Out of 80 animals, I found 4
with the secretion decidedly acid. This acid property is most
probably due to pathological changes in the secretion of the said
four animals.

The largest quantity of diastatic or " soluble " ferment was to be
found in the secretion obtained from the glandular portion of the
organ and not from the salivary receptacles (fig. 3, a).

The salivary glands of Helix aspersa (snail) yielded a soluble
ferment, capable of converting starch into glucose sugar. The
ferric-chloride test failed to show the presence of sulpho-cyanates.
The mineral ingredients found were calcium and chlorine; but I

Core terms of use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0370164600003916
Downloaded from https://www.cambridge.org/core. INSEAD, on 22 Sep 2018 at 10:20:42, subject to the Cambridge

https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0370164600003916
https://www.cambridge.org/core


236 Proceedings of Royal Society of Edinburgh, [MAY 16,

could not detect the presence of phosphates or carbonates in the
salivary glands of Helix.

Therefore, from these investigations, the salivary glands of the
Insecta and Gasteropoda are similar in physiological function to
the salivary glands of the higher animals.

The following table gives the constituents found in these two
divisions of the Invertebrata :—

(II.) Salivary Glands and their Constituents.

Soluble diastatic ferment,

Sulphocyanates,

Calcium phosphate,

Calcium,

Chlorine,

Insecta (Orthoptera).

present, .

present, .

present, .

present, .

absent, .

Gasteropoda.

present.

?

?

present.

present.

C. (I.) On the " Liver " of the Gasteropoda, LamellibrancMata,
Crustacea, and Insecta.

I have already proved the so-called " liver " of the Cephalopoda
is a true pancreas {Proc. Boy. Soc. Edin., vol. xiii. No. 119,
p. 120).

The secretion of the " liver " of Astar.us fluviatilus when fresh
gives an acid reaction.

(a) The secretion of the organ acts upon starch paste. The
starch granules disappear with the exception of their celluloid
covering; and on treating with water, and then adding Fehling's
solution, sugar in the dextrose form was obtained.

(b) The secretion forms an emulsion with oils and fats yielding
subsequently fatty acids and glycerol.

(c) The action of the secretion upon milk was to render it trans-
parent.

(d) When a few drops of the secretion of the organ were ex-
amined with chemical reagents under the microscope, the following
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reactions were observed :—On running in between the side and
cover-slip a solution of iodine in potassium iodide, a brown deposit
was obtained, and on running in concentrated nitric acid on another
slide containing a drop or two of the secretion, a yellow coloration
was formed, due to the formation of xanthoproteic acid. These
two reactions show the presence of albumen in the secretion of the
organ in question.

(e) The soluble ferment was extracted according to the Kistia-
kowsky method (Pfliiger's Archiv fur Fhysiologie, vol. ix. pp.
438-459). The ferment converts fibrin into leucin (a-amido-
caproic acid, C6H13NO2) and tyrosin (oxyphenylamidopropionic acid,
C9HUNO3).

( / ) No glycocholic and taurocholic acids could be detected by
the Pettenkofer and other tests. No glycogen was found in the
organ or its secretion.

(g) The secretion contains about 5 per cent, of solids.

(h) The secretion contains leucin and tyrosin.

Similar reactions were obtained with the secretion of the pyloric
coeca ( " liver ") of Periplaneta orientdlis, which substantiate and
further extend the investigations of Krukenberg, Plateau (Bull, de
VAcad. Roy. de Belgique, xli. 1874), Hoppe-Seyler, and others.

The secretion of the so-called " livers " of Helix aspersa, Limax
maximus, Limax flavus, Mya arenaria, Anodonta cygnea, and
Lumbricus terrestris all yield similar reactions to those of the
secretions of the " liver " of Astaeus fiuviatilis.

From these investigations the conclusions to be drawn are, that
the so-called " livers" of the Gasteropoda, Lamellibranchiata,
Crustacea, Insecta, and Oligochseta are pancreatic in function, i.e.,
their secretions are more like the secretions of the pancreas of the
Vertebrata than the secretions of a liver.

In conclusion, I may say that the present work will be continued
on other problematical organs of the Invertebrata, and their analogy
or otherwise with organs whose functions are well established in
the Vertebrate division of animal life; for one cannot forget
Pope's words—•

" All are but parts of one stupendous whole."
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